Objective: We aimed to develop a measure of myasthenia gravis impairment using a previously developed framework and to evaluate reliability and validity, specifically face, content, and construct validity.
Myasthenia gravis (MG) is characterized by fatigable weakness and symptom fluctuations. 1 Measurement of disease severity is therefore challenging, since the examination at one point in time might not accurately reflect the patients' clinical status. We previously conducted a qualitative study to assess the experiences of patients with MG and developed a conceptual framework of disease severity in MG. 2 We conducted semistructured interviews in which patients described their experiences with MG (n 5 20). The interviews were analyzed through content analysis to develop a framework of disease severity based on the impairments. In the framework, not only the severity of individual impairments but also fatigability, defined as the worsening or triggering of the impairments with activities or through the day, accounted for overall MG severity. 2 This highlights the importance of adding content related to fatigability to outcome measures.
Several tools have been developed to measure MG-related impairments, variably including different impairments, fatigability, and patient-reported (PR) and performance-based items. [3] [4] [5] [6] [7] [8] Some of these measures include items not responsive to interventions possibly because of floor effects. [3] [4] [5] [6] [7] [8] [9] [10] [11] In addition, most measures were developed using expert opinion, before current standards for measure development were defined by bodies such as the Food and Drug Administration (FDA) 12 and the Consensus-Based Standards for the Selection of Health Measurement Instruments (COSMIN) Group. 13 The FDA and COSMIN guidelines require patient input into the process of development of PR measures. We aimed to develop a measure of MG impairment that can distinguish between patients with different degrees of severity and that is responsive to change in status. Conforming with current guidelines, we incorporated patient input based on the previously developed framework, 2 ensuring content validity. This report describes item generation and reduction, content and face validity, reliability and construct validity of the Myasthenia Gravis Impairment Index (MGII).
METHODS Standard protocol approvals, registrations, and patient consents. The study was approved by the University Health Network Research Ethics Board and all participants provided written informed consent. Item generation. This followed a formative structure, [14] [15] [16] whereby the combined items define the construct of interest and items are not necessarily correlated. We reviewed the literature to incorporate items from available measures, representing the main themes and subthemes of the guiding framework. The search was conducted in Embase and MEDLINE (1946-2013) using a validated filter 17 for detecting publications related to outcome measures, adding the terms "myasthenia gravis" and "myasthenia." Items from measures identified in the search were reviewed for content and face validity, reliability, and responsiveness, and those in keeping with the framework and with adequate measurement properties were retained. When no suitable items were found, we developed new items using as anchors themes obtained through the qualitative study. The measure was structured to incorporate fatigability and severity items for each body function/structure defined in the framework. 2 Exceptions were swallowing and breathing, where fatigability is difficult to isolate from severity. Two measurement experts, 3 neuromuscular physicians, a speech therapist, and a neuro-ophthalmologist assessed the preliminary items for input on content, wording, relevance, and missing items. Modifications were made to develop a first draft.
Pilot testing and user input. Patients who were previously interviewed evaluated the draft through cognitive debriefing, assessing each item and commenting on wording and irrelevant or missing items. Interviewing stopped after no new comments were elicited. International MG experts provided input on the items through an electronic survey, in which they rated each item using a 5-point Likert scale for relevance and feasibility. They also commented on wording and suggested additional items. Medians and interquantile range (IQR) were calculated and items with a median #4 on either question were reviewed. Based on the opinions of patients and experts, further modifications were made. Patients reassessed the new draft for wording, clarity, and formatting. This version was field tested.
Field testing. All patients with confirmed MG attending the Neuromuscular Clinic, Toronto General Hospital, were invited to participate, except those participating in the qualitative study. The patients were assessed with the new measure, hereafter the MGII, and answered demographic questions as well as PR measures including the PROMIS-Fatigue, 18 and an MG-specific activities of daily living (MG-ADL) questionnaire. 5, 9 Quality of life (QoL) measures included the MG-specific quality of life 15-item scale (MG-QOL15), 19 the generic 36-Item Short Form Health Survey, 20 the INQoL (Individualized Neuromuscular Disease Quality of Life), 21 and the EuroQol 5 Dimensions. 22 Patients completed the questionnaires in clinic or at home according to their preference. A trained examiner (clinical fellow or physician assistant) obtained the MGII examination items, the Quantitative Myasthenia Gravis Scale (QMGS), 3 and the MG Composite (MGC) score. 4 We also recorded clinical variables, including disease duration, MG type, thymoma, antibody status, medications, and Myasthenia Gravis Foundation of America (MGFA) class.
Reliability. Patients were eligible if they had no change in clinical status or MG medications for the last 3 months. We tested interrater reliability for the examination items on the same day, with a rest period of 30 to 60 minutes between the 2 raters who were blinded to each other's scores, and test-retest reliability for all items 2 to 3 weeks after the first visit. Patients were asked on visit 2 whether they felt better, worse, or unchanged, and only stable patients were included in the test-retest calculations. Reliability was tested with intraclass correlation coefficients (ICCs) for total score and subscales using a random-effects model (ICC 2, 1). 23 ICC values $0.8 are recommended for group and $0.9 for individual use. 24 We also calculated test-retest weighted kappas for all items, and interrater weighted kappas and absolute agreement for the examination items. There is no universal consensus as to the interpretation of kappa, but usually values between 0.6 and 0.8 are considered substantial and .0.8 excellent agreement. 25 Finally, we calculated the standard error of measurement. 26 With an estimated ICC of 0.8 and a lower 95% confidence interval (CI) of 0.7, 48 participants are required. 27 We aimed to enroll 60 patients allowing for loss to follow-up or change in status.
Item reduction and final measure. We calculated the percentage of missing responses and score distributions for each item.
Interitem correlations were calculated to identify redundant items. In a formative model, item-total correlations and Cronbach a are not informative 14, 15, 28 and were not calculated. Considerations for item reduction were as follows: .10% missing responses, interitem correlations $0.9 (redundancy), and low reliability (weighted kappa #0.50). We analyzed items for floor effects (% score 5 0) excluding patients in whom scores of 0 are expected (remission), and items with .70% of score 5 0 were candidates for reduction. However, the final decision on item retention was based on the conceptual framework, as less prevalent impairments are still relevant to ensure content validity.
Construct validity. We formulated several hypotheses regarding the correlations between the MGII scores and other measures and for the difference in MGII scores among known patient groups. Confirming $75% of the predefined hypotheses supports construct validity. 13 We compared mean MGII scores in patients with ocular and generalized disease, hypothesizing that ocular patients would have lower scores (assessed by t test) than those with generalized disease. Furthermore, we expected that pure ocular patients would have low scores on generalized items. We also compared mean MGII scores by different MGFA classes, expecting scores near 0 in patients in remission, with subsequently higher scores with increasing MGFA class (tested through analysis of variance). In addition, we expected high correlations (r 5 0.6-0.8) between the MGII and other impairment measures (e.g., QMGS, MGC). Because QoL reflects other dimensions such as mental health and social factors, we expected lower correlations (r 5 0.4-0.7) with QoL measures. Overall, we expected positive correlations, except with the 36-Item Short Form Health Survey and EuroQol 5 Dimensions in which lower scores represent worse QoL. Significance was considered to be p , 0.05. Based on the correlational analyses, with a 5 0.05, b 5 0.2, and minimum correlation of 0.4, 40 patients are required. 29 However, we aimed to enroll at least 150 patients, following published recommendations. 14 Statistical analyses were performed using R statistical software version 3.1.2. Figure 1 illustrates the item-generation process described below.
RESULTS
Item generation. Sixty-two unique items were identified from published measures. Of these, 7 examination items fit the framework and had evidence of validity, reliability, and/or responsiveness. These were 4 items from the QMGS 3 : ptosis and arm, leg, and neck endurance, modified based on previous data 10 ; one item (neck strength) from the MGC 4 ; and 2 items from the MG Impairment Scale 6 : diplopia and facialis inferior (modified for clarity). We developed 12 PR items, which were expanded after input from local experts to 18 PR items: diplopia (double vision) and ptosis (droopy eyelids) fatigability (2 each); swallowing (1); chewing (2); breathing (1); fatigability of arms, legs, and neck (1 each); generalized fatigability (1); and voice and speech articulation fatigability (3 each).
Pilot testing and user input. Thirteen patients participated in the first round of cognitive debriefing. Major suggestions were adding items on ptosis and diplopia severity and to modify the anchors for ocular fatigability. Patients also suggested keeping separate items for speech (i.e., slurred speech) and voice changes (i.e., nasal voice, hypophonia), with different items for fatigability through the day and with long conversations, because combined items were confusing. Patients suggested asking about the severity of voice and speech changes. All patients thought the generalized fatigability item was relevant and suggested wording changes. One hundred sixty-eight MG experts were invited to evaluate the resultant draft and 72 (42.3%) answered the survey. The median response for relevance and feasibility was $4 for all items, with exception of the PR item of generalized fatigability, with a median feasibility of 3 (IQR 2-4). Some experts thought that patients could not distinguish MG fatigability from other causes of fatigue. Since all patients reported that generalized fatigability was relevant, the item was retained with modified wording. The inclusion of items on weakness severity of legs and arms was suggested in addition to those on fatigability. The modified MGII draft, incorporating input from patients and experts, had 22 PR items and 7 examination items. Another 5 patients evaluated the second draft, finding it clear, relevant, and easy to complete.
Field testing. Two hundred patients completed the assessments (118 sent the questionnaires by mail). Demographic and clinical characteristics are in table 1. All items had #6% missing data and only 9 patients (4.5%) had .10% missing items. Score distributions and missing data for each item are in table e-1 on the Neurology ® Web site at Neurology.org.
Reliability. Sixty-three patients were enrolled and the 54 returning for visit 2 were assessed for interrater reliability. Of the returning patients, 42 were unchanged from baseline and were included in testretest reliability. All items had test-retest weighted kappa values between 0.57 and 0.90. Exceptions were examination items for lower face strength (weighted kappa 5 0.54) and neck weakness (undefined kappa, a case in which kappa values are not meaningful). 30, 31 Table e-2 presents the reliability statistics of all items. For the raw sum of the items (PR and examination), test-retest reliability was excellent with an ICC of 0.92 (95% CI 0.86-0.96) for the total score and ICC of 0.91 (95% CI 0.84-0.95) for the PR items. The sum of the examination items had good interrater reliability with ICC of 0.81 (95% CI 0.79-0.94).
Development of the final measure and scoring. Two items had high floor effect in symptomatic patients: lower facial weakness (74%) and neck strength examination (77%). There were no interitem correlations .0.9. The neck strength item was eliminated based on floor effect and the presence of 2 other items reflecting neck impairment. The lower facial weakness item was retained because it is the only bulbar examination item, is easy to implement, and has high interrater agreement. All other items had adequate reliability and were considered necessary for content validity based on the framework. 2 The final version of the MGII has 28 items, 6 examination and 22 PR. The items are unweighted and a total score is obtained by the sum of all the examination and PR items, reflecting overall MG disease severity. The total score has a possible range of 0 to 84, where higher scores indicate more severe impairments. We also developed an ocular subscore with 8 items (2 examination and 6 PR items) and a generalized subscore with 20 items (4 examination and 16 PR items). Table e-2 specifies which items belong to each subscore. The possible score ranges are 0 to 23 for the ocular and 0 to 61 for the generalized subscore. Missing items were imputed with the mean score of the corresponding item subscore (ocular or generalized).
Reliability statistics for the final version of the MGII were recalculated for the total scores and subscores, as well as for the examination and PR items. These can be found in table 2 with the corresponding standard error of measurement values.
Construct validity. The mean total MGII score was 19.6 6 16.0 (range 0-69), with mean ocular subscore of 7.6 6 6.9 and mean MGII generalized subscore of 6.9 6 6.6. The MGII had a broader distribution of scores and low floor effect (5%) compared to the MGC (16%) and MG-ADL (22%, figure e-1). As hypothesized, the MGII total score was lower in patients with ocular compared to generalized disease (11.4 6 9.8 and 21.4 6 16.6, p , 0.00001) and ocular patients had minimal scores in the generalized subscore (mean 2.9 6 5.0; figure 2A ). Patients in remission had very low scores (mean 1.0 6 1.2), and scores increased with progressively higher MGFA class (p , 0.0001; figure 2B ). Seventy-eight percent of the correlations tested were in the expected directions and ranges, except higher correlations with the MG-ADL (r 5 0.91) and the MG-QOL15 (r 5 0.78). Table 3 summarizes the results of these associations. When the PR component was analyzed alone and the sample was split based on age, the correlational studies had similar values (data not shown).
DISCUSSION The MGII is a new measure of MG disease severity aimed at measuring MGrelated impairments as defined by the International Classification of Functioning, Disability and Health. 32 Following current guidelines, we used a patient-centered approach, aimed at measuring impairments relevant to patients. Therefore, we used a predominantly PR format, designed to capture those impairments that typically fluctuate and that are triggered by activities not easily observed in a clinical visit. The questions have a 2-week recall period to reduce recall error and because some interventions can show efficacy within 2 weeks (e.g., IV immunoglobulin). We also incorporated some examination items because these are important for clinical decision-making for physicians. However, the PR component has excellent reliability and construct validity so it can be used as a stand-alone instrument. Content validity was ensured by developing a conceptual framework of MG impairments based on patients' experiences, 2 and using the framework for item generation. For example, the framework has speech and voice impairments as separate entities and this was consistent with field-testing data in which voice Table 2 Reliability statistics for the final version of the MGII and its components Visit 1, mean 6 SD (n 5 54) and speech items were shown to represent different phenomena based on their moderate correlations (r 5 0.5-0.6). This is in keeping with the different muscles involved, since voice impairments reflect mostly laryngeal or palatal weakness and speech changes are due to tongue and labial weakness. This is in contrast to other measures in which these impairments are measured together. We also added an item on generalized physical fatigability even though some experts thought patients would have problems separating MG fatigability from general fatigue. However, field testing showed minimal missing data and, in fact, it was the item with the smallest floor effect, highlighting the importance of physical fatigability for patients with MG. We incorporated several items measuring fatigability of specific muscles or functions using different triggers (e.g., time of day) when appropriate to better capture the heterogeneity of the impairments. This was supported by patients through cognitive debriefing and during field testing and might explain the broader distribution of scores and limited floor effect compared to other measures. The MGII scores can be presented as a total score (overall MG severity) and 2 subscores, reflecting ocular and generalized impairments. The subscores have excellent reliability, and patients with pure ocular disease had very low scores in the generalized component, supporting the validity of the subscores. Finally, individual items are unweighted since, with .20 items, weighting has minimal effect on the total scores. 24, 28 However, the total score is implicitly weighted toward the generalized component since 20 of the 28 items reflect generalized impairments.
The MGII has excellent reliability and is easy to implement. The only equipment required is a watch that can time in seconds. Patients can likely complete the questionnaire in the waiting room, minimizing the effect on a clinical appointment. We developed and tested the MGII in outpatients who were able to complete the PR component, and thus, it is not aimed at patients who are currently in myasthenic crisis (intubated). Arguably, in myasthenic crisis, outcomes such as time to extubation are more relevant. Therefore, the validation studies are generalizable to similar populations. In this setting, the MGII can discriminate between patient groups, including pure ocular and generalized, as well as different MGFA classes.
The correlations with the QMGS and MGC were within the expected ranges; however, the MGC has more floor effect (16%). The QMGS requires instrumentation, takes longer to complete, and several items are unresponsive to change. 10 The correlation with the MG-ADL was higher than expected (r 5 0.9). The MG-ADL is shorter, but it has a marked floor effect (22%) compared to the MGII (5%), which could affect responsiveness. Overall, the main advantages of the MGII are that it is easy to use, does not take long to complete, and at the same time provides a comprehensive assessment of the myasthenic state in patients. The correlation with the MG-QOL15 was higher than expected although the correlations with other QoL measures were within the hypothesized range.
The MGII reliability and construct validity studies were conducted in a single academic center and it is possible that some patients with milder disease are followed in the community. While this can affect generalizability, our cohort has broad clinical characteristics similar to published studies. 4 In addition, the MGII was developed and tested in Canada and crosscultural studies are required to confirm the measurement properties in other contexts. Studies assessing the responsiveness and minimal important difference of the MGII are under way.
The MGII is a measure of impairments in MG that has strong content validity based on a conceptual framework developed from patients' experiences. Therefore, the MGII follows current FDA guidelines for outcome measure development. While studies on responsiveness are under way, the MGII has demonstrated feasibility, reliability, and construct validity in an outpatient setting.
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